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SUMMARY 



This is the tenth report on a series of systematic 
tests comparing lateral control devices with particular 
reference to their effectiveness at high angles of attack. 
The present tests were made with two Bizes of ordinary ai- 
lerons and different sizes of spoilers on a Clark Y wing 
model having a narrow auxiliary airfoil fixed ahead and 
above the leading edge, the chords of the main and auxil- 
iary airfoils "being parallel. In addition, the auxiliary 
airfoil itself was given angular deflection for the pur- 
pose of providing rolling moments for lateral control. 

The tests were made in the N.A.C.A. 7 by 10 foot wind 
tunnel. They included both force and rotation tests to 
show the effect of the devices on the lift and drag char- 
acteristics of the wing and on the lateral stability char- 
acteristics, as well as on lateral control. They showed 
that none of the aileron arrangements tried would give 
rolling control of an assumed satisfactory value at all 
angles of attack up to the stall except at the expense of 
abnormally high deflections and very heavy hinge moments. 
The most effective combination of aileronB and spoilerB 
gave satisfactory values of rolling moment at all angles . 
of attack below the stall and the values did not fall off 
as rapidly above the stall as with ailerons alone. With 
an arrangement of this type having the proper relative 
proportions and linkage it should be possible to obtain 
reasonably satisfactory yawing moments and control forces. 
Deflecting one-half of the auxiliary airfoil downward for 
the purpose of control gave strong favorable yawing mo- 
ments at all angles of attack but gave very small rolling 
moments at the low angles of attack. 
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INTRODUCTION 



A series of systematic wind-tunnel, investigations, 
one of which is covered by this report, is being made by 
the National Advisory Committee for Aeronautics in order 
to compare various lateral control devices. The various 
devices are given the same routine tests to show their 
relative merits in regard to lateral controllability and 
their effect on the lateral stability and the performance 
of an airplane* They are being tested first on rectangu- 
lar Clark T wings of aspect ratio 6, followed by wings 
with different plan forms, wings with high lift devices, 
and also wings with such variations as washout and sweep- 
back, which affect lateral stability. The first report 
of this series (reference 1, Part I) deals with three 
sizes of ordinary ailerons, one of these a medium-sized 
one taken from the average of— a number of conventional 
airplanes and used as the standard of comparison through- 
out the entire investigation. Other work that has been 
done in this series is reported inreference 1, Parts II 
to IX. 

The present report covers the investigation of vari- 
ous of the lateral control devices on a wing arrangement 
iSffSrporat ing a fixed auxiliary airfoil of the type de- 
scribed in reference 2. The combination wing and auxil- 
iary airfoil has a substantially higher maximum lift co- 
efficient than the plain wing alone, and therefore at high 
angles of attack the lateral control device must produce 
a higher rolling-moment coefficient to give the same in- 
itial acceleration in roll. The lateral control devices 
tested include plain ailerons of two different Biases, the 
standard size and a short wide one; two forms of rear 
hinge spoilers used in combination with the ailerons; and 
one front hinge spoiler used alone.' Finally, the auxil- 
iary airfoil itself was tested as a lateral control de- 
vice by deflecting the right and left halves separately. 



APPARATUS 



Models..- To include tests of all the control devices 
four different wing models of the same term Were used. A 
summary of the design of each model is given in the fol- 
lowing table: 
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Wing 
model 



Ailerons 



Spoilers 



Auxiliary 
airfoil 



No. 1 
No. 2 
No. 3 
No. 4 



Standard 
"Short, wide 
Short, wide 
None 



A or 0 

. : °_ 

D. 

None 



Fixed 

.fixed 

Fixed 

Movable for 
1 ateral 
control 



The main wing of each of the four models was a 10 by 60. 
inch laminated mahogany Clark Y airfoil; "the auxiliary 
airfoil was constructed of aluminum alloy with a chord 
14.5 per cent of the main wing chord and had the N.A.C.A, 
22 airfoil section. The relative locatron - of the twoair- 
foils is given in Figure 1, .and their ordinate s are given 
in Table I. The wing model that_al lowe d the a uxilia ry 
airfoil to be deflected for lateral control had different 
supports for the auxiliary than the other"* threes' (See 
fig. 2.) 

The two sizes of ailerons and the three forms _of 
spoilers are illustrated in Figure 1. The ailerons are_ : _ 
the same as those tested on the _0 lark Y wing aione in ref- 
erence 1, Part I, and the spoilers' are~t¥e same as those 
of corresponding letter in reference 1, Part V". The 
spoilers were made of steel plate l/3? inch thick, and 
were set into the wings in such a manner |bct the upper 
surface was continuous when the spoilers were down. ^ ■" 

W ind tunnel .- All the present tests were made in the 
N.A.C.A. 7 by 10 foot open-jet wind tunnel. In this tun- 
nel the model is supported in such a manner that the 
forces and the moments about the quar ter-^chord^point o~f~ 
the mid section of the model are measured directly "in "co- 
efficient form. For autorotation tests, the standard 
force-test tripod is replaced by a special mounting" that ~ 
permits the model to rotate about the longitudinal wind 
axis passing through the midspan quarter-chord point t This 
apparatus is mounted on the balance L and t£e " roTling-moment 
coefficient can be read directly during " the~f or ced- rotation 
tests. A complete" description of the above equipment is 
given in reference 3. 
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TESTS 



The tests were conducted In accordance with the stand- 
ard procedure, and at the dynamic pressure and Reynolds 
Number employed throughout the entire series of investiga- 
tions oii lateral control. (Reference 1.) The dynamic 
pressure was 16.37 pounds per square foot, corresponding 
fca.an air -speed of :■&© miles per hour -Mt standard .densi ty , 
and the Reynolds Number was 609,000, based on the chord 
of the .main wing section. 

The /regular -force te-sts we're -made ;.at a- stiff icient num- 
ber of angles of -attack.' to determine the maximum lift co- 
efficient, . the minimum drag •coefficient., -.and the- drag • c'o- 
.eff icient at 0^ = 0.70, which 1 s used to- give a rate- .■ 
-.of-climb. criterion. Free-.autorotation tests ware- made to 
: determine ■ the . arigl e vof attack .above ■ which autorotation -was 
self-- starting with all - controls neutral. Forced-rotation 
teste. '-were also -made in :which -.the rolling moment while 
rolliaig was • measured at the rotational velocity correspond- 
ing to g™ = 0.05, the highest rate found to be "obtained 
in gusty -air, and at 'angle a erf yaw 6f both 0 0, and -20°. 

.'The accuracy. "is .considered satisfactory except --in the 
vicinity of the stall . ■ -.The Tolling -moment s at angles of 
attack Just above . the -.maximum lift are rolatively unreli- 
able -owing_ to the critical .and. often un symmetrical flow of 
the- burbled air about the .wing. Values of- the lift coef- 
ficient are ■ likew.i se erratic in- this range ,- but. at ■■ an '-an- 
gle of attack of 30° conditions are sufficiently stable to 
■.permi t an agreement between the value's -at ■-■ .Oj, ' obtained on 
the four wings tested within -a 'total range of 5 per.'"ae'nt. 

Assumed control movements .-. The force .tests were made 
-with a sufficient number of spoiler and aileron deflec- 
tions to give data for the four, types of aileron movement 
used in the tests with the plain wing (reference 1, Part 
I): equal, up-and-down, average' differential (No. l) , ex- 
treme differential (No. 2), and upward movement only. The 
relative displacements of the two ailerons and the spoil- 
ers for these arrangements are gi von in Table II.' In ad- 
dition.to those movementa the ^standard . ailerons . when tes't- 
ed Q alone were given an equal up-and-down deflection of '** 
50 , the short wide ailorons 40°, and both sizes of aile- 
rons an extended differ ential movement of 50° up and 25° 
down. In the cases in which spoilers and ailerons are 
used in combination, the maximum deflection of the spoil- 
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er ia taken as 90 and the movement is considered propor- 
tional to that of the ^ip aileron. 

The maximum deflection of spoiler A used alone was 
assumed to he 60 , the increase in rolling moment obtained 
with greater deflection "being small. 

Preliminary tests showed that with the right "and left 
halves of the auxiliary airfoil deflected to give lateral 
control, moments of the proper sign and magnitude to give 
reasonable action at all angles of attack were obtained 
with one type of movement, down only; that is, the trailing 
edge of the auxiliary was lowered, whioh increased the an- 
gle of attack of the half of the auxiliary airfoil which 
was on the side of the wing on which the lift was reduced. 
A deflection of 45° was assumed as the maximum because, 
although at high angles of attack the rolling moments were 
still increasing with increased deflection, at the 0 an- 
gle of attack the rolling moments were slightly lower with 
a deflection of 45° than with one of 30°. 



RESULTS 



The force-test results are given in the form of abso- 
lute coefficients of lift and drag and of the rolling, 
yawing, and pitching moments: 



CD 



lift 
q S 

drag 
q S 



0 « = rolling moment 
1 q b S 

C » = yawing moment 
n q b S 

pit chin g m oment 
Cm c/4 - ^~T~S 

where ' S is the total area of the wing and auxiliary air- 
foil, b is the wing span, c is the chord of the main 
wing, and q is the dynamic pressure. The coefficients . 
as given above are not corrected for tunnel-wall effect. 
They are obtained directly from the balance and refer to 
the wind (or tunnel) axes. In special cases in the dis- 
cussion where the moments are used with reference to body 
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axes, the symbols are not primed. Thus the symbols for 
the rolling and yawing moment coefficients about body axes 
are C \ and C n . Center of pressure, c.p., is given in 
percentage of main-wing chord. 

The results of the forced-rotation tests are given, 
also about the wind axes, by a coefficient representing 
the rolling moment due to rolling: 



0\ = 



q. b S 



where \ is the rolling moment measured while the wing is 
rolling, and the other factors have the usual significance. 
This coefficient may be used as a measure of the degree of 
lateral stability or instability of a wing under various 
rolling conditions. In the present case, i t _i s used to 
indicate the characteristics of a wing when it is subject- 
ed to a rolling velocity equal to the maximum likely to 
be encountered in controlled flight in very gusty air. 
This rolling velocity may be expressed in terms of the 
wing span as 

B - °-°» .. ....... 

where T is the air speed at the center section of the 
wing, and p ( is the angular velocity in roll about the 
wind axis. 

The results of all the tests are given in Tables III 
to XII in terms of these coefficients. 



DISCUSSION IN TERMS OF CRITEEIONS 



A series of criteri-ons was developed in Part I (ref- 
erence l) for comparing the effect of various ailerons or 
other lateral control devices on the general performance 
of an airplane, on its lateral controllability, and on its 
lateral stability. The ailerons and Bpoilers used in the 
present tests with their various movements are compared 
with each other by- means of these criterions in Table. XIII. 
In addition, values "are included from reference 1 for the 
standard ailerons on a plain Claris Y wing. 
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General Performance 



(Controls Neutral) 



Wing area required for desired landing speed .-' The 
value of the maximum lift coefficient is used as a crite- 
rion of the wing area required for the desired landing 
speed or, conversely, for the landing speed obtained with 
a given wing area; The value of Ci, ma3!: was substantial- 
ly greater for the wings with auxiliary airfoils than for 
the plain Clark Y. 

An interesting point happened to have been brought 
out by the tests with different fittings supporting the 
auxiliary airfoil. From Table XIII it will be noticed that 
the maximum lift coefficients were approximately the same 
for the first three wings with auxiliary airfoils, but that 
with wing No. 4, which had different fittings supporting 
the auxiliary airfoil, a higher maximum lift coefficient 
was obtained. The curves of Cj, against a are shown 
for all four wings in Figure 3. The first thtfee wings had 
wide fittings extending from the upper surface of the nose 
portion at the center of the span of the aitffoil, whereas 
the fourth wing had supports extending from the lower sur- 
face.. (See fig. 2.) An additional test was made with this 
wing (No. 4) equipped with a plate similar to those of the 
other wings in the center of the Span, and with this ar- 
rangement the maximum lift coefficient dropped about half- 
way toward the values obtained with the first three wings, 
which partly explains the discrepancy. The wide fitting 
extending from the upper portion of the nose at the cen- 
ter of the span apparently induced burbling at a somewhat 
lower angle of attack and caused the entire wing to stall 
at a lower angle. 



of merit for comparing the effectiveness of different wings 
in giving a large speed range. The value of this ratio 
was found to be substantially higher with the wings with 
auxiliary airfoils than for the plain Clark Y alone. 

Bate of climb .- In order to establish a suitable cri- 
terion for the effect of the wing and the lateral control 
devices on the rate of climb of an airplane, the perform- 
ance curves of a number of types and sizes of airplanes 
were calculated, and the relation «>f' the maximum rate of 



Spee d range .- The ratio 




is a convenient figure 
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climb to the lift and drag curves was studied. This in- 
vestigation showed that the l/d at Cl = 0.70 gave a 
consistently reliable figure of merit for this purpose. 
This criterion is definitely lower for the wings with aux- 
iliary airfoils than for the main wing alone. Reference 

to Figure 3 shows that the wing with an auxiliary airfoil 
is much more sensitive than the plain wing to climbing at 
angles of attack slightly greater than the best. As the 
angle of attack is increased the drag coefficient in- 
creases rapidly, which reduces the rate of climb of an 
airplane hut which would enable it to make steep glides 
at the lower speeds, an advantage in landing over obstacles. 



Lateral Controllability 
(Controls Pully Defl~ected) 



Boiling crit erion.- The rolling criterion upon which 
the control effectiveness "of each of the aileron arrange- 
ments is judged is a figure of merit that is de-signed to 
be .proportional to the initial acceleration of the wing 
tip, following a deflection of the ailerons from "neutral 
regardless of the air speed or the wing plan form of an 
airplane. Expressed in coefficient form for a rectangular 
monoplane wing, the criterion becomes 

RC = |i 

where 0\ is the rolling-moment coefficient about the body 
axis due to the ailerons. The numerical value of this ex- 
pression that has been found to represent satisfactory con- 
trol conditions is approximately 0.075. A more detailed 
explanation of RC and its more general form, which is ap- 
plicable to any wing plan form, is given in Part I. 

The comparison of the ailerons on the basis of this 
criterion is given in Table XIII at four representative 
angles of attack; namely, 0°, 10°, 20°, and 30°. The 
figst angle 0 , represents the high-spaed attitude; a = 
10 represents the highest angle of attack at which en- 
tirely satisfactory control with ordinary ailerons can be 
maintained on a plain wing; a — 20° represents the condi- 
tion of greatest instability in rolling for the plain 
Clark Y wing, and is probably the greatest att a inable .an- 
gle of attack with most present-day airplanes in a steady 
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glide; and finally, a = 30° is representative of the 
stalled condition with the combination wing and auxil- 
iary airfoil. 

At a =' 0° all the ailerons gave greater rolling mo- 
ments than necessary for satisfactory control, the values 
being about the same as those given by the same ailerons 
on the wing without the auxiliary airfoil. (Reference 1, 
Part I.) Spoiler C located directly ahead of the aile- 
rons reduced the effectiveness of the aileron somewhat at 
the 0 angle of attack but not enough to be of importance. 
Spoiler A gave a smaller value of RC than the ailerons 
alone or in combination with the other spoiTers, but even 
so it was nearly 50 per cent in excess of the assumed sat- 
isfactory value. The auxiliary airfoil when deflected for 
lateral control, however, gave a value of RO which was 
less than one-third of the assumed satisfactory one. 

At a = 10° both sizes of ailerons gave values with 
all normal movements which were in the neighborhood of 
the assumed satisfactory value and which were approximate- 
ly the same as those obtained with the same ailerons on 
the Clark Y wing alone. The combined ailerons and spoil- 
ers also gave satisfactory values of RO in most cases, 
but ■ the values were from 4 per cent to 31 per cent lower 
than for the" same control arrangements on a Clark" Y wing 
alone. (Reference 1, Part V.) Spoiler A alone gave a val- 
ue definitely below the assumed satisfactory one and about 
20 per cent lower than that obtained on the plain Olark 
Y without an auxiliary airfoil. An these results indi- 
cate that the spoilers are less effective in the turbu- 
lent wake of an auxiliary airfoil* than in the Bmooth air 
flowing over the nose of a plain wing or behind a"~Handley 
Page slot. (Reference 1, parts V and VII.) The value of 
RC obtained from the deflected auxiliary airfoil was 
somewhat higher at an angle of .attack of 10° than at 0°, 



*It has been shown by means of smoke flow as well as by" 
separate measurements of the forces on the main wing and 
auxiliary airfoil that the auxiliary airfoil is stalled 
at angles of attack of the main wing above about" 5° , indi- 
cating that the increase of CLmsx obtained with an aux- 
iliary airfoil is due largely to the effect of the turbu- 
lent wake from the auxiliary airfoil which tends to scour 
away the boundary layer over the main wing. 
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but was still less than half of the assumed, satisfactory- 
value . 

At a = 20°, which is still below the stall with the 
auxiliary airfoil, the values of RO for the ailerons 
alone were somewhat higher with equal up-and-down deflec- 
tion but lower with the extreme differential movements 
than for the same ailerons on the Clark Y wing alone which 
was definitely stalled at this angle of attack. None of 
the values f-or the ailerons alone operating on the wings 
with auxiliary airfoils were satisfactory but, as in the 
case of the plain wing, the closest approach was made 
with the short wide aileron. To find whether satisfacto- 
ry values could be obtained with greater deflection, at 
the expense, of course, of much higher control forces, 
larger deflections were assumed as follows: equal up-and- 
down 50° with the standard size ailerons and 40° with the- 
short wide ailerons; average differential movement (No. 1) 
with 50° up and 25° down for both sizes of ailerons; the 
criterions for these deflections which have been added to 
Table XIII show that satisfactory values of RO were ob- 
tained at 20° angle of attack with the short wide aile- 
rons but not with the standard size ailerons. 

■ 

Combining spoiler C with either size of aileron 
definitely improved the values of RC at the 30° angle 
of attack with the equal up-and-down and the average dif- 
ferential movements, the movements, it will be noticed, 
in which the maximum deflection of the up aileron is not 
great. The value of RC with spoiler C combined with 
the short wide ailerons having equal up-and-down deflec- 
tion was only 5 per cent below the satisfactory value, a 
difference which is well within the limits within which 
the satisfactory value can be established. Spoiler D 
combined with the short wide ailerons gave satisfactory 
values of RC with all aileron movements except the up 
only. Spoiler A used alone, as at the 10 angle of at- 
tack, gave a value about 30 per cent below that obtained 
without the auxiliary airfoil or about 63 per cent of the 
satisfactory value. The value obtained- by def lecting Q the 
auxiliary airfoil was higher than that obtained at 10 
but still only about 55 per cent of the satisfactory value. 

At a = 30°, which is above the stall of all the 
wing combinations, the ailerons alone gave values of RC 
much higher than the values obtained on the plain Clark Y 
wing but still well below the satisfactory value. The 
highest value obtained with the Bhort wide ailerons with 
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the extreme differential movement was 63 -per cent of the 
assumed satisfactory one. The same value was obtained 
with the average differential movement having the deflec- 
tions increased to 50° up and 25° down. With the stand- 
ard size ailerons 'the increased deflections §ave lower 
values of SO than the original deflections, the highest 
of which was 43 per cent of the satisfactory value, and 
was obtained with the average differential movement. The 
addition of spoiler 0 to these ailerons increased this 
value to 52 per "cent of the satisfactory one. When com-": 
bined t with the short wide ailerons spoilor C increased 
the value of EC slightly for equal up-and-down and av- 
erage differential movement hut reduced it for the othor" 
two movements. The addition of spoiler D to the short 
wide ailerons had practically no effect on the values of 
HO obtained at an angle of attack of 30 . Spoiler A. 
alone gave a very small value of EC at this angle. It 
should be kept in mind that all the above-mentioned con- 
trols were mountod on wings 1, 2 , " and 3, which" wore "well 
above the stall at an angle of attack of 30°. The de- 
flected auxiliary airfoil on wing No. 4, which was just 
definitely above the stall at this angle of attack, hold 
up fairly woll with an RO as high as that_ obtained at 
an angle of attack of 10° but, like tho values obtained 
at all the other angles of attack, it was but ~a'"~small 
percentage of the assumed satisfactory value. 

Lateral control with sideslip. - If a wing is yawed, 
a rolling moment is set up that tends to raise the forward 
tip with a moment that may be greater at very high angles 
of attack than the available rolling moment due to aile- 
rons. The limiting angle of attack at which the ailerons 
can balance the rolling moment due to 20° yaw is taken as 
a criterion of control when the wing is yawed since this 
amount of yaw represents conditions in a fairly severe 
sideslip. This angle is tabulated as a criterion of con- 
trol with sideslip. 

Not all of the control combinations were tested in 
the yawed condition because some did not seem to be of 
sufficient interest. lor the short wide ailerons alone 
the limiting angle of attack ranged from the stalling an- 
gle with equal up-and-down deflection of 25° t o about 15° 
above the stall with the extreme differential arid up-only 
movements. The angle was slightly higher with the same 
ailerons combined with either spoiler 0 or D. for spoil* 
er A. alone the limiting angle was 5° above the stall. 



13 



N.A.C.A. Technical Note No. 461 



Yawing; moment due to ailero ns. - The desirable yawing 
moment due to ailerons varies to some extent with the type 
of airplane that is being considered. Tor a highly maneu- 
verable military or acrobatic machine, complete independ- 
ence of the controls as they affect the turning moments . 
about the various body axes is no doubt a desirable fea- 
ture., On the other hand,-- fcr large transport airplanes 
and ,for machines to be operated by relatively inexperi- 
enced pilots, a favorable yawing moment of the. proper mag- 
nitude would probably be an appreciable aid to safe flying 

With the ailerons .alone the yawing moment coefficient 
were not greatly different from those for the samo aile- 
rons, on the Clark Y wing alone. The adverse values above 
the stall were .slightly lower but were still very serious 
except with the extreme differential and up-only movements 
The addition of either spoiler C or D eliminated the ob- 
jectionable adverse yawing moments in practically all 
cases except for the 30 angle of attack whijch was well 
above the stall where tho spoilers seemed to have but a 
small effect. It is probably safe to Bay that any desired 
yawing moment can be approximated at all angles of attack, 
including a few degrees beyond the stall, by the proper 
combination of ailerons and spoilers. 

Spoiler A used alone gave large favorable values 
of 0 n at all angles ,of attack up to 30 where a negative 
value of negligible magnitude was measured. 

The deflected auxiliary airfoil gave large favorable 
values of On at all angles of attack up through 30 . 



Lateral Stability 
(Controls Neutral) 



Inasmuch as all four wing models tested were of the 
same form within the limits of accuracy of construction 
with the controls neutral (except for the fittings support 
ing the auxiliary airfoil), the rotation tests on the lat- 
eral stability factor, damping in roll, were made with 
wing No. 1 only. 

.Angle of. attack above which autorotation is self-, 
startin g.- This criterion is a measure of the range of an- 
gles of attack above which autorotation will start from an 
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initial condition of practically zero rate of rotation. 
The limiting angle of attack of the wing with, the auxil- 
iary airfoil was 22°, or 1° below the stalling angle. 
For the plain wing this angle was 19° or 2° above the 
stall. " '"- ■ 

St abi lity a gainst rolling caused by gusts .- Test 
flights , have shown that in severe gusts a rolling veloc- 
■p 1 b 

ity such that = 0.05 may be obtained. Consequent- 

ly, the rolling moment of a wing duo to rolling at this 
p'b 

value of 2y gives a measure of its stability charac- 
teristics in rough air. In the pre sent ■ case , the angle 
at which this rolling moment becomes zero is used as a 
more severe criterion than the previously mentioned angle 
at which autorotation is self-starting, to indicate the 
practical upper limit of the useful angle- of -attack range. 
With 0° yaw, the angle of attack for initial instability 
was the same as that found for free autorotation, 22°. 
With 20° yaw £his angle, as in the case of the plain Clark 
Y wing, was 7 lower. 

The above criterion shows the critical range below 
which stability is such that any rolling is damped out, 
and above which instability exists. The last criterion, 
maximum C\, indicates the degree of this instability. 
The value of C\ depends in a very critical way on the 
exact shape of airfoil, and varies over a wide range for 
different airfoil models built to the same specified di- 
mensions. With 0° yaw, wing No. 1 with the auxiliary 
airfoil had a maximum value of C\ about midway between 
the extremes of the range found for several Clark Y wings 
alone. (See reference 1, Part I.) 

The maximum autorotational moment with 20°' yaw is of 
importance only in the condition in which the airplane is 
skidded and the forward wing tip is. rolled upward or the 
rear tip downward by a gust. With 20° yaw the maximum 
value of OX, was somewhat smaller for the wing with auxil- 
iary airfoil than for any of the plain Clark Y wings tested 
to date. 

Control Force Required 



The hinge moments were not measured in the tests with 
the auxiliary airfoil because it was thought that they 
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would riot differ greatly from the moments for the same ai- 
lerons and spoilers on the plain wing. This conclusion was 
based on the assumption that the distribution of load over 
the wing waB essentially the seme for the plain wing and 
the wing with auxiliary airfoil at angle b of attack below 
the stall of the plain wing, and that the only marked" dif- 
ference in the flow was that the ailerons and spoilers on 
the wing with the auxiliary airfoil were operating in more 
turbulent air over a greater UBable range of angles of at- 
tack than with the plain wing. The results for the vari- 
ous control devices tested on the plain wing (reference 1, 
Part 7) indicate that with the proper combination of 
spoilers and ailerons it is possible to obtain very small 
control forces. 

CONCLUSIONS 



1. The general performance of- the wings with auxil- 
iary airfoils was substantially better in regard to maxi- 
mum lift coefficient and speed range than tbat of the main 
wing alone, but was slightly poorer with respect to climb. 

2. The control systems test-ed in which only ailerons 
were used did not give rolling control moments of an. as-, 
sumed satisfactory magnitude at all angles of attack up 
to the stall except at the expense of abnormally high de- 
flections and very heavy hinge moments. 

3. The most effective combination of ailerons and 
spoilers, the short wide ailerons combined with spoiler D, 
gave satisfactory values of the rolling control criterion 
EC at all angles of attack below the stall, and the val- 
ues did not fall off rapidly as the angle of .attack was 
increased above the stall. With control arrangements of 
this type having the proper relative proportions and link- 
age, it should be possible to obtain reasonably satisfac- 
tory yawing moments and control forces as well as satis- 
factory rolling moments. 

4. The spoilers were found to be less effective on 
the wfng with fixed auxiliary airfoil than on a Wing with- 
out an auxiliary airfoil. 

5. Deflecting one-half of the auxiliary airfoil 
downward for the purpose of control gave strong favorable 
yawing moments at all angles of attack. The rolling mo- 
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ments were low at low angles of attack but increased to 
about half the assumed sati sf actors'- value near the stall. 

Langley Memorial ''Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. , January 28, 1933. 
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TABLE I 
AIRS' OIL ORDINATE S 
(All Values Given in per cent of Chord) 



Clark Y Auxiliary airfoil 

Chord = 10o00 inches Chord = l t 45 inches 



Station 


T7ti"D ftl? 

surface 


Lower 
surface 


Stati on 


Utro e r 
surf ece 


Lower 
surface 


0 


3.50 


3.50 


0 


2.83 


2.88 


1.25 


5.45 


1.93 


1.25 


5.40 


1.09 


2.50 


6.50 


1.47 


2.50 


6.48 


.65 


5.00 


7.90 


.93 


5.00 


8.02 


.28 


7.50 


8.85 


.63 


7.50 


9.11 


.08 


10.00 


9.60 


.42 


10.00 


9.96 


0 


15.00 


10.69 


.15 


15.00 


11.34 


.12 


20.00 


11.36 


.03 


20.00 


12.29 


.44 


30.00 


11.70 


0 


30.00 


13.35 


1.46 


40.00 


11.40 . 


0 


40.00 


13.42 


3.08 


50.00 


10.52 


0 


50.00 


12.60 


4.78 


60.00 


9.15 


0 


60.00 


11.12 


5.63 


70.00 


7.35 


0 


70.00 


9.15 


5.79 


80.00 


5.22 


0 


80.00 


6.68 


4.68 


90.00 


2.80 


0 


90.00 


3.95 


2.67 


95.00 


1.49 


0 


95.00 


2.51 


1.32 


100.00 


.12 


0 


100.00 


1.13 


0 



L.E. radius = 1.50 L.E. radius = 2.00 
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TABLE II 

ASSUMED SIMULTANEOUS AILERON AND SPOILER DEFLECTION 
Aileron end Spoiler Angles are Measured from Neutral 



Equal up and down 



Average differential 
(No. 1) 



Aileron 

up 
degree s 


Aileron 

down 
degr ee s 


Spoiler 

up 
degrees 


Aileron 

up 
degr ee s 


Aileron 

down 
degrees 


Spoiler 

up 
d e gr e e s 


10 


10 


36 


10 


8.5 


25.7 


20 


20 


72 


20 


13 


51.4 


25 


25 


90 


30 


15 


77.1 








35 


15 


90 



Up only 



Aileron 




Spoiler 


Extreme differential 
(No. 2) 


up 
degrees 




up 
degree s 


Aileron 


Aileron 


Spoiler 








up 


down 


up 








10 




15 


Degree s 


Degree s 


Degrees 


20. 




30 


10 


7 


18 


30 




45 


20 


12 


36 


40 




60 


30 


14 


54 


50 




75 


40 


11.5 


72 


50 




90 


50 


7 


•90 



S.A.O.A. 
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TABLE III 

TORCS TESTS. CLAHI T WIIO WITH ADXILIAKY AHUTOIL (WIIO 10 . l) 
35 EES. OEST 0 BY 40 PER OEST b/3 AILER0B8 
R.I. » 609,000 Yaloolty - 80 m.p.b. • Taw - 0° 












a 


-6° 


-SO 


( 0° 


50 


| 10° 


15° 


[ 18° 


| 30° 


330 


| 330 


| 34° 


38° 


38° 


| 30° 


1 35° 


1 40° 


| 50° 


| 60° 








°A 

OR. 


°A 

Dn 


°a 


Ailerons neutral 








ft 

sr 


0° 
0° 


~0°" 
0° 
0° 
0° 


0° 
0° 
0° 
0° 


-.036 
.038 
-.048 


0.113 
.018 

-.036 
87.1 


0.331 
.033 

-.007 
87.3 


0.666 
.080 
.031 
80.5 


0.SB4 
.138 
.038 
31.0 


1.337 
.338 
.063 
19.9 


1.389 
.393 
.075 
19.6 


1.474 
.344 

.079 
19.T 


1.558 
.400 
.090 
19.3 


1.E84 
.433 
.093 
19.3 


1.331 
.455 
.047 
81.3 


1.083 
.497 
.089 
33.6 


0.947 
.628 
.037 
33.8 


0.938 
.564 
.036 
33.6 


0.879 
.848 
.031 
33.0 


0.838 
.743 
.013 
33.9 


0.761 
.934 

-.017 
38.8 


0.633 
1.064 
-.041 
38.3 






Equal up-and-down 






An' 


10° 

10? 

30° 
30° 


io°- 

10° 
30° 
.80° . 


0° 
o° 
0° 
0° 






.036 
-.003 

.078 
-.006 




.033 
-.009 

.074 
-.030 






.088 
-.013 

.073 
— 033 




.034 
-.014 

.070 
-.035 


.014 
-.013 

.051 
-.037 


.010 
-.013 

.045 
-.033 


.007 
-.008 

.009 
-.031 


.009 
-.008 

.016 
-.017 


.006 
-.007 

.031 
—031 


.003 
-.006 

.016 
-.031 










|: 


*°s 

40° 
80° 
50° 


*°S 
40° 
60° 
60° 


"0° 
0° 
0° 
0° 






.088 
-.003 

.101 
-.008 




.086' 
-.031 

.098 
-.033 






.080" 
—034 

.086 
-.037 




.078 
-.037 

.080 
-.039 


.058 
-.039 

.060 
-.040 


' .047 
-.058 
.053 
-.033 


' .010 
-.031 
.006 
-.031 


.011 
-.017 

.005 
-.018 


" .033" 
-.033 
.007 
-.021 


' .033 
-.038 
.006 
-.031 










Arerase differential 






ft 


20° 

aoo 

30** 
.30° 


17° 
17° 
38 . c 

3?° 


0° 
0° 

no 
0° 






.065 
-.006 

• 06? 
—003 




.058 
-.014 

.071 
-.016 






.053 
-.033 

.070 
-.037 




.047 
-.034 

.065 
-.030 


.031 
-.034 

.047 
-.033 


.030 
-.033 

.045 
-.038 


-.008 
-.031 
.009 
-.038 


.017 
-.014 

.019 
-.017 


.014 
-.015 

.031 
-.018 


.010 
-.014 

.016 
-.018 










Of' 

¥\ 


40° 
40° 
50° 
loo 


35° 
38° 
38° 
36° 


"OO- 
OO 
0° 
0° 






.077 
-.001 
.087 
.003 




.079 
-.018 

.068 
-.013 






.078 
-.037 

.083 
— 037 




.071 
-.030 

.079 
-.030 


' .014 
-.039 
.060 
—033 


" .051 
-.038 
.054 
-.026 


' .014 
-.037 
.030 
-.037 


' .018 
-.014 
.011 
-.01! 


" .033 
-.018 
.010 
—014 


" .034 
—031 
.010 
-.014 
































Dp-only 
























|; 


10° 

10? 

30° 

ao°. 


0° 
0° 
0° 
0° 


0° 
0° 
0° 
0° 






.017 
.000 
.030 
.001 




.018 
-.004 

.036 
-.008 






.017 
-.006 

.038 
-.011 




.014 
-.007 

.031 
-.013 


.006 
-.006 

.019 
-.Oil 


.006 
-.006 

.019 
-.013 


—030 
-.005 
.010 
-.008 


.007 
-.005 

.018 
-.009 


.005 
-.004 

.011 
-.007 


.001 
-.003 

.006 
-.008 










|j 


390 
MS 

40° 

40° 


0° 
0° 

°°, 
0° 


■0° 

0° 
0° 
0° 






.040' 
.004 
.049 
.006 




.044 
-.004 

.063 
-.003 






.048" 
-.013 

.054 
-.010 




.045' 
-.014 

.058 
-.018 


.038" 
-.017 

.033 
—014 


' .034" 
-.016 
.039 
—014 


-.003' 
-.016 
.008 
-.014. 


.023" 
-.011 

.033 
-.009 


.017" 
-.011 

.018 
—.008 


.014 
-.009 

.033 
-.011 












60°" 
B0° 
60° 
60° 


o°- 
o 8 

0° 


'0° 
0° 
0° 
00 






.067" 
.010 
.063 
.014 




.060" 
.000 
.068 
.003 






.062" 
— 010 

.068 
-.008 




.057 
-.013 

.063 
-,010 


' .038 
-.014 
.045 
-.013 


' .043" 
-.013 
.049 
-.011 


' .016 
-.007 
.019 
-.012 


.017 
-.008 

.014 
-.006 


" .007 
-.006 
.004 
—.006 


.008 
-.005 

.005 
-.005 






















TABLE IT 

FORCE TE8TS. OLARK Y TIHO WITH AUXILIARY AIRFOIL (WIIO 10. l) 
10 PER OEM 0 BY 60 PER OEIT b/3 SPOILER A 
R.I. - 609,000 Talooi.tr - 80 ».p.h. Taw - 0° 






























Spoiler A 


alone 




















!i 


0° 
0° 
0° 
0° 


s° 

0° 
0° 


10° 
10° 
30° 
30° 






0.003 
.001 
.013 
.005 




0.004 
.001 
.034 
.004J 






O.OOB 
.003 
.033 
.000 




0.001 
.008 
.084 

.001J 


.-.005 
.001 
.006 
.001 


-.006 
.001 
.005 
.000 


-.040 
.003 
-.001 
-.003 


-.003 
.001 

-.003 
.000 


-.001 
.001 

-.003 
.001 


0.000 
.003 

-.004 
.003 










t 

Of' 

Pa'. 

Of' 
On" 


°°. 
0° 
0° 

, 0° 


0°' 

0° 

2° 
0° 


40° 
40° 
60° 
60° 






.038 
.009 
.036 
.0131 




.046 
.007 
.085 
.009! 






.081 
—003 
.074 
.000 




.061' 
-.004 

.075 
-.004 


" .044' 
-.006 
.069 
-.007 


.037 
-.006 

.080 
-.007 


' .004' 
-.003 
.013 
-.005 


' .001 
—003 
.004 
-.004 


-.005 
.000 

-.005 
.001 


—006 
.003 

-.008 
.003 










0°" 
0° 


■ 0°' 
00 


78° 
78° 
















.078" 
.003 




.081' 
—003 


' .065 
-.006 
































TABLE T 

rORCI TESTS. OLARE T WIIO WITH AUXILIARY AIRTOIL (WIWO 10. l) 
35 PER' OEIT 0 BY 40 PER OEIT b/3 AILERQIB 
7 PER OEIT 0 BY 40 PER OEST b/3 SPOILER 0 
R.I. - 609,000 Telocity - 80 ».p.n. Yaw - 0° 




























Ailsrons and spoiler 


0 - Dp-only 


















li 
I 

1 

1 

<% 1 

On' 


0° 
0° 
30° 
30°. 


0° 

°l 

0° 
0° 


80° 
30° 
30° 
30° 






0.004 
.001 
.036 
.003 




0.010 
.003 
.041 

-.003 






0.043 
.001 
.057 

—006 




0.051 
-.001 
.061 
-.008 


0.033 
-.001 
.045 
-.010 


0.038 
.000 
.048 

-.009 


0.000 
-.001 
.014 
—007 


0.001 
.000 
.014 

-.008 


0.000 
.000 
.010 

-.007 


-.001 
.001 
.007 

-.007 










40° 
40° 
60° 
60° 


0°' 
5°, 

0° 
0° 


"80° 
30° 
30° 
30° 






.043 
.007 
.084 
.018 




.045 
.003 
.056 
.004 






.060 
-.005 

.066 
-.003 




.064 
-.006 

.068 
-.008 


.047 
-.009 

.058 
-.008 


" .051' 
-.007 
.063 
-.006 


.017' 
-.007 

.017 
-.006 


.031' 
-.008 

.010 
-.006 


' .018 
-.008 
-.001 
-.005 


" .033 
-.018 
.004 
-.004 










0° 
0° 

30° 


0° 
0° 
0° 
0° 


"40° 
40? 
40° 
40° 






.005' 
.004 
.033 
.004 




.038 
.007 
.048 
.003 






.050 
• .003 

.065 
-.004 




.058 
-.001 

.073 
-.007 


" .045 
-.003 
.055 
-.008 


.041 
-.003 

.055 
-.009 


' .008' 
-.003 
.033 
-.010 


.003 
-.003 

.017 
-.010 


-.001' 
-.001 
.009 
-.007 


.001 
.000 
.006 
-.007 




T 






*°° 
40° 

60 °, 
60°. 


• 0°' 

0° 
0° 


'40° 
40° 
40° 
40° 






.033' 
.007 
.048 
.018 




.048 
.004 
.087 
.007. 






1067 
-.003 

.089 
-.003 




.075' 
-.005 

.073 
—004 


.058 
-.007 

.057 
-.006 


.066 
-.007 

.054 
-.006 


.033 
-.008 

.013 
-.007 


.033 
-.009 

.009 
-.007 


.017 
-.008 

.003 
—005 


.033 
-.013 

.006 
-.006 










40° 
40° 
60° 
60° 


0° 
0° 
0° 
0° 


60° 
60° 
60° 
80° 






.039 
.008 
.037 
.011 




.050 
.006 
.057 
.008 






.070 
-.003 

.073 
-.003 




.077" 
-.005 

.074 
-.004 


' .060 
-.008 
.057 
-.006 


" .058' 
—008 
.053 
-.006 


' .038' 
-.010 
.014 
-.007 


.033 
-.010 

.010 
-.008 


.015 
-.008 

.003 
-.005 


.031 
-.013 

.005 
-.005 










40°' 
40° 
80° 
60° 


■ 0°' 

0° 
0° 
00 


"90° 
80° 
90° 
90<> 






.039 
.009 
.036 
.013 




.051 
.008 
.086 
.008 






.069 
-.003 

.069 
-.003 




.075 
-.007 

.070 
-.006 


' .080' 
-.009 
.083 
— 008 


.064" 
-.009 

.064 
-.007 


' .033' 
-.013 
.018 
-.008 


.033' 
-.011 
".009 
-.008 


" .011 
-.008 
-.009 
-.004 


.018 
-.018 

.003 
-.008 



























































tabus n. force tiers, olari t wiso with auxiliart airfoil (wiso bo. i) 

SB PER CUT o HT 40 PER COT b/3 AIUROIB 
U.S. « 600,000 Telooity - 80 m.p.h. Tgor - -30° 


■ 

V 

'a 




01 


-5° 


-8° 


OO 


BO 


10° 


16° 


18° 


30° 


330 


83° 


34° 


36° 


38° 


30° 


35° 


40° 


60° 


60° 




*> 

• 

H 
a 

I 

m 

o 

c+ 

a 
• 

* 




*A 

Up 


6a 

fin, 


h 


Ailerons and spoiler neutral 


V 


0° 
0° 
0° 
0° 


0° 
0° 
0° 
00 


0° 

0° 
00 
OO 


-0.036 
.084 
-.003 
.001 


0.098 
.033 
.000 
.001 


0.393 
.036 
.000 
.001 


0.633 
.046 

-.002 
.001 


0.870 
.118 

-.009 
.003 


1.133 
.300 

-.013 
.007 


1.370 
.386 

-.016 
.010 


1.364 
.399 

-.031 
.013 


1.419 
.347 

-.033 
.014 


1.489 
.376 

-.039 
.016 


1.397 
.417 

-.058 
.017 


1.316 
.476 

-.070 
.030 


1.1TB 
.639 

-.071 
.033 


1.084 
.683 

-.089 
.033 


l.OM 
.870 

-.047 
.038 


0.866 
.731 

-.046 
.040 


0.765 
.886 

-.031 
.037 


0.637 
1.030 
-.037 
.041 




Ailerons alone - Equal up-and-down 


0 
0 


n 


50° 
60° 


500 
60° 


0° 

00 






.089 
-.006 




.094 
-.031 






.086 
-.037 




.096 
-.041 


.084 
-.039 


.086 
-.041 


.077 
-.044 


.067 
-.048 


.019 
-.039 


.016 
-.036 








Ailerons alone - Average differential 




°»! 

V 


60° 
BOO 


35° 
35° 


00 

00 






.083 
.003 




.088 
-.013 






.091 
-.036 




.094 
-.030 


.063 
-.030 


.084 
-.083 


.077 
-.036 


.061 
-.036 


.018 
-.033 


.016 
-.030 








Ailerons alona Op-only 


V 


60° 
60° 


00 
0° 


Oo 
00 






.068 
.013 




.066 
.003 






.077 
-.009 




.081 
-.013 


.107 
-.016 


.077 
-.016 


.073 
-.021 


.069 
-.033 


.038 
-.017 


.013 

-.010 








Ailerons and spoiler 0 - Up-only 


V 


60° 
BQO 


0° 
00 


90 s 
90° 






.064 
.018 




.066 
.011 






.080 
.000 




.038 
-.004 


.114 
-.006 


.086 
-.010 


.0B3 
-.011 


.069 
-.030 


.089 
-.030 


.011 
-.010 








Spoiler A - Alona 


V 


00 
0° 


0° 

oo 


60° 
BOO 






.016 
.013 




.034 
.013 






.059 
.004 




.073 

-.ota 


.101 
-.003 


.096 
.001 


.060 
-.008 


.039 
-.014 


.013 
-.011 


-.004 
.000 












TABIC TO. EOTATIOI TEBTB. OLARI T VI HQ WITH AUXILIAHT AIRFOIL (VI BQ HO. l) 
35 FIR OBIT o BT 40 KH OSST b/3 AILSR0JT8 SET HTJTRAI 

0, IB Sim FOR FORDED ROT ATI OH AT ^ - 0.06 (+) AIDIHtl ROTATIOI 

^ TALUKS ARK FOR FREE ROT ATI OH H """^ 

RJt. - 609,000 Telooity - 80 wup.h. 






a 


0° 


130 


160 


30° 


31° 


330 


230 | 


340 


36° 


36° 


370 


38° 


39° 


30° 


S30 


36° 


40° 


50° 


H 

I 
m 

■ 

a 


Twr - 0° 


t Rotation 
(Clockwise) 


Eli 
2 .V 


-.033 


-.030 


-.030 


-.019 


-.019 


0.006 
.080 


0.005 
.313 


0.036 
,333 


0,031 
.349 


0.036 
.360 


0.036 


0.034 
.373 


0.015 


0.018 
.398 


0.006 
.436 


0.000 
.456 


-.001 
.497 


0.06B 


- Rotation 

( Coturtorolookwi ee ] 


jSl 
3 V 


-.033 


-.030 


-.019 


-.016 


-.016 


-.003 


-.003 
.891 


.013 
.338 


.010 
,344 


.018 
.348 


.086 


.038 
.354 


.013 


.014 
.369 


.013 
.383 


.010 
.469 


.005 
.379 


.178 


Taw - -30° 


+ Rotation 

(Clockwise) 

- Rotation 

( Count erolookwlse ) 


°X 
°* 


-.033 
-.017 


-.032 
-.003 




-.049 
.010 




-.043 
.043 




-.031 
.048 




-.049 
.064 




-.046 
.056 




-.080 
.069 


-.04a 
.060 


-.038 
.066 


-.043 
.043 





TIB LI nil. rOBOC BBT8. OIOHX T TOO UTfl ITTTTTiIAHT UBtOV. (TOO 10. 3) 
40 FIR am o BT 50 EE OUT b/3 AUiROIB 
R.l. »■ 609,000 Toloolty - 80 a.p.h. Ta(f ■ 0 



a 


-6° 


-8° 


0° 


■ 5° 


10°- 


15° 


18° 


80° 


.88° 


33° 


34° 


38° 


38° 


30° 


3B° 


40° 


80° 


60° 






k 


°e 


Ailerons nentml 




* 

0° 
0° 


0° 
0° 
0° 
0° 


0° 
0° 
00 
0° 


-0.031 
.033 
-.080 


0.118 
.018 

-.038 
58.8 


0,336 
.034 

-.008 
38.6 


0.891 
.051 
.081 
80.6 


0.963 
.139 
.037 
81.3 


1.340 
.339 
.068 
80.4 


1.386 
.896 
.073 
19,8 


1.483 
.361 
.081 
19.6 


1.887 
.405 
.087 
19.6 


1.887 
.433 
.068 
19.8 


1.117 
.481 
.031 
88.4 


1.087 
.499 

' .036 
33.7 


0.983 
.636 
.034 
33.9 


0.963 
.677 
.084 
33.9 


U.B87 
.863 
.080 
83.6 


0.847 
.701 
.010 
84.0 


0.748 
.933 

-.017 
86.6 


0.833 
1.084 
-.046 
88.7 


Iqoal uqp-wuMKnm 


Jn' 

0.1-1 


5£ 

30° 
86° 
35° 


ao? 

30° 
88° 


?5 

0° 
0° 






.061 
-.006 

.071 
-.008 




.083 
-.013 

.077 
-.088 






.060 
-.030 

.078 
-.088 


.088 
.088 


.088 
-.033 

.071 
-.043 


.030 
-.039 

.048 
-.036 


•,034 

*-.039 
.037 
-.033 


.0.080 
O-.036 
.018 
-.031 


. .018 
-,020 
.033 
-.083 


.014 
-.017 


.007 
-.018 

.009 
-.090 






SO 0 
30° 
40° 
40° 


■ so°- 

50° 
40° 
40° 


o° - 

0° 
0° 
0° 






.081' 
-.006 

.090 
-.008 




.084" 
-.033 

.098 
-.033 






t .087" 
-.044 
.099 
-.048 




.0B3 
-.049 

.096 
-.053 


.066 
-.040 

.066 
-.041 


.034 
-.038 

.043 
-.038 


.038 
-.034 

.033 
-.087 


.034 
-.037 

.034 
-.038 


.017 
-.030 

.088 
-.036 


.011 
-.034 

.018 
-.039 






80° 

60° 


' 60°' 
80° 


"0° 
0° 






.100" 
-.008 




.103" 
-.030 






.100" 
-.041 




.098 
-.048 


















lTor&g» dlfferairtlal 




10° 
10° 
80° 
30° 


8.5° 
13° 
13° 


0° 
0° 
0° 
0° 






.031 
-.003 

.083 
-.008 




i .033 
.008 
.068 
-.018 J 






.038 
-.014 
- .061 
-.033 




.036 
-.016. 

.080 
-.085 


.017 
-.014 

.038 
-.033 


.001 
-.013 

.018 
-.033 


.009 
-.009 

.007 
-.081 


.009 
-.010 

.018 
-.017 


.004 
-.004 

.010 
-.009 


.003 
-.007 

.007 
-.013 








so? 
so 0 

36° 


""2 
16° 

1B 2 
IB 


1 






.068" 
.001 
.071 
.004 




.073" 1 
-.013 

.079 
-.010 






.071 
-.038 

.078 
-.035 




.067 

-.030 
.076 
-.030 


.053 
-.037 

.080 
-.037 


.036 
-.037 

.043 
-.038 


.034 
-.037 

.031 
-.038 


.089 
-.031 

.036 
-.038 


.018 
-.014 

.033 
-.016 


.014 
-.017 

.018 
-.Olfl 






CxtiaM dlffwantlal 


ol' 

S" 
_o»'_ 


ao° 

80° 


13° 
13° 


0° 

52 

0° 






.089 
-.008 

.081 
-.003 




.039 
-.007 
.064 

-.013 






i086 
-.013 

.081 
-.033 




.038 
-.013 

.047 
-.034 


.017 
-.018 

.036 
-.033 


.000 
-.013 

.018 
_-,03B 

.034 
-.038 

,048 
-.084 


.010 
-.018 

.007 
-.031 


.009 
-.009 

.018 
-.017 


.004 
-.004 

.010 
-.010 


.003 
-.007 

.008 
-.013 






ft! 


30° 
300 
40? 
40° 


1!| 


'0° 
0° 

!■ 






.064' 
.003 
.071 
.007 




.070" 
-.011 

.083 
-.006 






.070 
-.084 

.084. 
-.030 




.068 
-.038 

.078 
-.033 


.083 

-.036 
.066 
-.088 


.083 
-.038 

.038 
-.034 


.039 
-.031 

.089 
-.031 


.018 
-.014 

.036 
-.015 


.013 
-.018 

.030 
-.013 








80° 


7° 


0° 






.060' 
.013 




.086" 
.003 






.090 
-.013 




.089 
-.017 


.074 
-.016 


.086 
-.018 


.040 
-.080 


.043 
-.017 


.038 

-.011 


.036 
-.017 






Tip-only 


Ol' 
On' 
Ol' 

.0n'_ 

Of' 

&' 

a. 

Pa — 


10° 
10° 
80° 
30°. 


<£ 

<£ 

0° 
0° 


° 0 
0° 

0° 

0° 






.017 
.000 
.033 
.001 




.018 
-,0C4 

.036 
-.004 






.018 
-.007 

.036 
-.013 


.017 
-.007 

.034 
-.013 


.016 
-.008 

.034 
-.013 


.011 
-.007 

.037 
-.013 


*.013 
•-.007 
».0S8 

a -,013 


Aou 

0-.007 
. .038 

■V.oiz 

v -0*3 

D -.oia 

.036 
-.018 


.008 
-.006 

.016 
-.010 




.003 
-.004 

.006 
-.007 






"30° 
80° 
40° 
40° 


" 0°" 
0° 
0» 
0° 

- 0°" 
oo 

0° 
0° 


0° 
0° 
0° 
00 






.047" 
.008 
,088 
.011 




.061' 
-.003 
.067 
.003 






.086 
-.013 

.070 
-.011 


.063 
-.010 


.053 
-.016 

.088 
-.014 


.044 

-.018 
.060 
-.014 


■■.043 

a -.C08 
.088 
-.018 


.037 
-.014 

.058 
-.016 


.038 
-.010 


.011 
-.010 

.019 
-.013 








60° 
80° 
60° 
60° 


0° 
0° 
0° 
0° 






.067" 
.014 
.081 
.Olfl 




.074' 
.008 
.073 
.009 






.083" 
-.007 

.086 
-.004 




.080 
-.011 

.086 
-.013 


.068 
-.010 

.071 
-.008 


.088 
-.013 

.070 
-.009 


.047 
-.016 

.049 
-.013 


.040 
-.013 
.043 

-.013 


.038 
-.006 

.013 
-.006 


.038 
-.013 
' .018 
-.010 







p. 



•ol - 38° - *d - 37° 



I. 1.0.1. Taonnloal Hote Ho. 451 



Tables 9 * 10 



TABLE IX 

TOROI TESTS. OLARX Y W1H0 WITH AUXILIARY AIRFOIL (WIHO 10. 3) 
40 PER 01 IT o BT 30 PER OUT b/2 AILER0H8 - 7 PER OEHT o BT 40 PSR OXHT b/3 SPOILIR 0 
R.H. » 609,000 Velooity » 80 m.p.h.. Taw - 0° 





-5° 


-3° 


0° 


6° 


10° 


30° 


33° 


33° 


34° 


26° 


38° 


30° 


35° 


40° 


50° 


60° 




6i 

Op 


6l 

Dh. 


6s 








Ailerons and 


spoiler 0 


- Up-only 














Oj' 
On' 
Q t ' 

of' 

On' 

Oi ' 

On'. 

Oj ' 

O n ' 

Ol 1 

.Ok'. 

Ol' 

On' 

Ol' 

A'. 

Oi ' 

On 1 

&_ 

3k; 


0° 
0° 
30° 
_20° 


0° 
0° 

■ °°, 


30° 
20° 
30° 
.30° 






0.004 
.002 
.033 
.003 




0.013 
.004 
,043 

-.001 


0.047 
.001 
.059 

-.006 




0.065 
-.003 
.044 
-.007 


0.035 
-.001 
.043 
-.007 


0.020 
-.001 
.039 
-.008 


0.004 
.000 
.019 

-.008 


0.003 
-.001 
.016 
-.009 


0.004 
.003 
.009 

-.004 


0.003 
-.003 
.007 
-.007 






40° 
40° 

80° 
_60° 




30° 
20° 
20° 
.20° 






.050 

• Oil 

• 059 
.019 




.063 
.005 
.073 
.013 


.080 
-.007 

.093 
-.003 




.083 
-.010 

.094 
-.008 


.083 
-.008 

.098 
-.010 


.052 
-.011 

.069 
-.007 


.040' 
-.013 

-.010 


.037' 
-.015 

• 038 
-.013 


' .030 
-.009 

-.006 


' .020 
-.013 

tYi Q 

-.010 






0° 
0° 
30° 
_30° 


0° 

0° 

. 0° 


40° 
40? 
40° 
,40° 






.005 
.004 
.033 
.004. 




.019 
.007 
.060 
.003 


.053 
.003 
.065 
-.008 




.063 
.000 
.046 
-.009 


' .039 
-.001 
.047 
-.010 


" .033 
-.003 
.039 
-.010 


' .013 
-.003 
.033 
-.013 


.008 
-.004 

.019 
-.014 


' .003' 
.003 
.008 

-.008 


" .004 
-.003 
.008 
-.010 






40° 
40° 
60° 

60°. 


0= 
0° 
00 
. 0° 


40° 
40° 
400 
40° 






.047 
.013 
.053 
.019 




.068 
.006 
.076 
.013 


.083 
-.005 

.093 
-.003 




.088' 
-.008 

.089 
-.007 


.063 
-.008 

.068 
-.005 


' .084" 
-.010 
.068 
-.006 


.041' 
-.013 

.044 
-.010 


' .038" 
-.015 
.035 
-.013 


' .033' 
-.010 
.014 
-.005 


' .030 
-.014 
.030 
-.010 






40° 
40° 

60° 

60°. 


0° 
0° 
0° 

°°. 


60° 
80° 
60° 
.60° 






.043 
.013 
.050 
.019 




.067 
.007 
.075 
.013 


.084 
-.004 

.093 
-.003 




.087 
-.008 

.094 
-.006 


.063" 
-.007 

.068 
-.005 


' .065" 
-.009 
.067 
-.008 


' .044" 
-.013 
.044 
-.009 


.037' 
-.015 

.033 
-.011 


' .033 
-.010 
.013 
-.005 


• .019 
-.013 
.018 
-.010 






40° 
40° 
80° 
60° 


0° 


80" 
go° 
90° 
90° 






.043" 
.011 
-.049 
.018 




.069 
.007 
.073 
.011 


.083 
-.005 

.091 
-.003 




.088 
-.009 

.094 
-.007 


' .065" 
-.008 
.067 
-.008 


' .064" 
-.009 
.067 
-.006 


' .044" 
-.014 
;041 
-.010 


' .038" 
-.016 
.031 
-.013 


" .019" 
-.010 
.011 
-.005 


.017 
-.013 

.017 
-.010 







TABLE X 

1-OROX TESTS. OLARX 1 VINO WITH AUXILIARY AIRFOIL (WIHO HO. 3) 
40 PER CEWT o BY SO PER (BIT b/3 AILEROXS - 15 PER OSBT o BY 10 PER OXHT b/3 SPOILER D 



R.H. - 609,000- Velooity - 80 m.p.h. 



Yaw - 0" 





-5 


-3 


0 


6 


10 


30 


33 


33 


34 


36 


38 


30 


35 


40 


50 


60 




«A 

Up 


6a 

Dh 


6 8 






Ailerons and spoiler neutral 








0»o/i 
o.p. 


°l 
0° 


°o 
°n 

0° 


0° 

°°, 
°l 

0° 


-0.047 
.037 
-.053 


0.111 
.018 

-.043 
63,7 


0.334 
.034 

-.017 
30,3 


0.898 
.053 
.034 
31,6 


0.969 
.139 
.031 
31,8 


1.489 
.345 
.070 
30.3 


1.574 
.406 

.073 
30.4 


1.611 
.434 
.075 
30.4 


1.130 
.456 
.037 
38.8 


1.073 
.498 
.035 
22.9 


0.980 
.538 
.032 
33.0 


0.983 
.578 
.019 
33.3 


0.889 
.649 
.015 
33.6 


0.850 
.748 
.004 
34,6 


0.755 
.933 

-.033 
38.9 


0.625 
1.080 
-.051 
39.1 
















Ailerons and spoiler D - 


- Up-only 














On' 
Oi' 

-On'_ 
Oi 1 
On! 
Oz' 

-On' — 

Ol' 

On' 

Oz ' 

On' 
Oi' 
On'_ 

8k! 
V 


10° 
10° 

10 2 
10° 


°l 

°l 

0 l 
0° 


15° 

30° 
30° 






.019 
.000 
.030 
.001 




.033 
-.003 

.035 
-.001 


.046 
-.006 

.051 
-.006 




.033 
-.008 

.053 
-.010 




.013 
-.008 

.017 
-.009 


.006 
-.008 

.007 
-.006 


.008 
-.006 

.008 
-.006 


.005 
-.004 

.006 
-.005 


.003 
-.004 

.003 
-.004 






20° 
30° 

10 « 
10 £ 


°S 
°l 
°l 

0° 


300 
30° 

«£ 






.036 
.003 
.030 
.001 




.051 
-.003 

.043 
-.001 


.069 
-.011 

.054 
-.006 




.069 
-.015 

.053 
-.010 




.033 
-.014 

.018 
-.009 


' .016 
-.013 
-.003 
-.010 


' .017' 
-.011 
.008 
-.006 


" .010' 
-.009 
.005 
-.005 


" .007 
-.008 
.003 
-.004 






20° 
30° 
30° 
30°. 


0 ° o 

0° 
0° 
0° 


45° 
45° 
45° 






.038 
.003 
.046 
.007 




.067 
-.003 
.070 
.000 


.073 
-.013 

.088 
-.013 




.070 
-.015 

.088 
-.018 




.034 
-.015 

.051 
-.018 


" .013 
-.016 
.038 
-.030 


" .018 
-.013 
.037 
-.014 


" .008' 
-.008 
.016 
-.011 


' .006 
-.008 
.013 
-.010 






20° 
20° 
40° 
40° 


"0° 

0° 
0° 


60° 
80° 
60° 
60° 






.036' 
.004 
.063 
.013 




.059 
-.003 
.080 
.003 


.073 
-.011 

.103 
-.010 




.073 
-.015 

.101 
-.015 




.035 
-.015 

.064 
-.017. 


" .031 
-.018 
.041 
-.030 


' .019" 
-.011 
.039 
-.016 


' .008" 
-.008 
.033 
-.013 


' .007 
-.008 
.017 
-.013 






60° 
80° 

0° 

°%. 


■ O o 
0° 
0° 
0° 


60° 
60° 
90° 
90° 






.063" 
.019 
.016 
.003 




.088 
.010 
.038 
.003 


.111 
-.003 
.036 
.001 




.114" 
-.009 
-.014 
-.001 




.076 
-.011 

.008 
-.001 


' .053" 
-.014 
.001 
-.001 


' .044' 
-.013 
.001 
-.001 


' .016' 
-.009 
.003 
-.001 


.016 
-.009 
-.001 

.000 






35° 
35° 
35° 
35°. 


0° 
00 
0° 
0° 


"90° 
90° 
90° 
90° 






.050" 
.007 
.057 
.013 




.064 
-.003 
.079 
.001 


.078 
-.013 

.091 
-.013 




.055" 
-.016 

.084 
-.017 




.043" 
-.017 

.058 
-.019 


.036 
-.014 

.038 
-.017 


" .033 
-.013 
.033 
-.016 


' .013 
-.010 
.030 
-.013 


.008 
-.009 

.015 
-.013 






50° 
50° 
60° 
60° 


0° 
0° 
0° 
00 


90° 
90° 
90° 
90° 






.083 
.016 
.066 
.031 




.085 
.007 
.087 
.011 


.104 
-.008 

.108 
-.003 




.094 
-.011 

.095 
-.008 




.073 
-.014 

.076 
-.010 


' .049' 
-.013 
.063 
-.011 


.043' 
-.013 

.045 
-.013 


.034 
-.011 

.018 
-.009 


.033 
-.012 

.017 
-.009 







I. 1.0. A. Teohnioal Vote Ho. 4B1 



Tablet 11 ft 13 



TABLE XI 

fOHOX TESTS. OLARE T WIHQ WITH AUXILIARY AIRTOILS 
40 PER OUT a BY 30 FIR OIST b/3 AILXROHS 
R.H. - 609,000 Taloolty - 80 n.p.h. Yaw - -30° 





Sa 


S 

0° 
0° 


!>8 


Allazona and apoilar neutral (wing Io. 3) 


2l 

On' 


°2 

0° 


°o 

°l 
0° 


-0.017 
.034 
-.004 
.001 


0.113 
.031 

-.003 
.001 


0.316 
.037 

-.003 
.001 


0.636 
.049 

-.006 
.003 


0.877 
.131 

-.010 
.004 


1.131 
.199 

-.016 
.009 


1.385 
.387 

-.019 
.013 


1.369 
.306 

-.033 
.015 


1.344 
.368 

-.069 
.018 


1.376 
.398 

-.063 
.019 


1.380 
.433 

-.068 
.019 


1.316 
.495 
-.041 

.038 


1.096 
.646 

-.060 
.030 


1.081 
.696 

-.058 
.033 


1.001 
.663 

-.037 
.039 


0.878 
.738 

-.048 
.043 


0.768 
.883 

-.031 
.039 


0.639 
1.038 
-.038 
.043 


Ailerone alona - Equal up-and-down (wing Io. 3) 


S 


■£ 

36° 
40° 


as 

40° 


°o 
0° 
0° 






.071 
-.006 

.093 
-.003 




.076 
-.033 

.103 
-.034 






.071 
-.038 

.103 
-.049 




.060 
-.034 

.089 
-.043 


.088 
-.035 

.087 
-.048 


.036 
-.041 

.083 
-.053 


.037 
-.040 

.083 
-.081 


.037 
-.038 

.056 
-.061 


-.007 
-.030 
.013 
-.034 


.013 
-.033 

.017 
-.035 






Ailerons alona - AYezage t 


llffer< 


tntlal (wing Io. 8] 






36° 
38° 


18° 
18° 


0° 






.077 
.006 




.081 
-.010 






.078 
-.038 




.073 
-.038 


.070 
-.030 


.039 
-.038 


.083 
-.039 


.060 
-.037 


.007 
-.036 


.016 
-.086 






Aileron* alona - Ex 


;reme i 


lifferential (wing Ho. 3 




On' 


60° 
60° 


7° 
7° 


0° 
0° 






.073 
.017 




.096 
.006 






.098 
-.013 




.094 
-.019 


.095 
-.030 


.083 
-.039 


.076 
-.031 


.069 
-.034 


.054 
-.033 


.034 
-.036 






Allazona alona - Up-only (wing 


Io. 3 




On' 


60° 


0° 


0° 






.061 
.019 




.096 
.013 
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Lng Ho. 3) 




36° 


38° 


90° 
90° 






.073 
.003 




.087 
-.013 






.098 
-.036 




.134 
-.038 




.091 
-.036 


.084 
-.081 


.053 
-.031 


.035 
-.087 


.003 
-.030 






Allazona and. apollez 0 - Avezage diffezantial 


[wing Ho. 3) 


?: 

°n' 


3B° 
36° 


16° 


SO° 
90° 






.078 
.013 




.090 
.000 






.100 
-.01B 




.139 
-.023 




.101 
-.036 


.101 
-.039 


.066 
-.031, 


.043 
-.031 


.016 
-.032 






Allazona and apollaz 0 - Extzeme dlffazential 


^wing Ho. 3) 


On' 


80° 


7° 


90° 






.066 
.030 




.104 
.014 






.116 
-.008 




.164 
-.013 




.116 
-.018 


.117 
-.033 


.083 
-.039 


.063 
-.033 


.033 
-.034 






Allazona .and apoilar 0 - Up-only (wing Io. 3} 


S! 

On 1 


60° 
60° 


0° 


90° 
90° 






.058 
.036 




.087 
.019 






.110 
.003 




.118 
-.004 


.119 
-.006 


.093 
-.018 


.108 
-.013 


.103 
-.016 


.074 
-.023 


.044 
-.023 






Allazona and a 


poller neutr 


il (wing Ho. S) 




5 


°n 
°o 

0° 


o 8 

°2 
°S 

.0* 


-.038 
.037 

-.003 
.001 




.393 
.036 
-.003 
.001 




.883 
.118 
-.010 
.005 






1.3S8 
.388 

-.033 
.018 


1.438 
.343 

-.037 
.017 


1.363 
.389 

-.066 
.018 


1.374 
.414 
-.064 

.018 


1.319 
.473 

-.073 
.033 


1.337 
.BIB 

-.077 
.038 


1.068 
.861 

-: 0 cll 


1.014 
.687 

-.083 
.043 


.871 
.719 
-.083 
.046 


.770 
.874 
-.033 
.041 


.638 
.966 
-.031 
.043 


Allazona and apollaz 


3 - Equal up-and-down (w 


lng Ho. 3) 


&! 

On' 


38° 


88 o 
36° 


90° 
90° 






.071 
-.003 




.083 
-.018 






.080 
-.033 




.098 
-.030 




.067 
-.036 


.063 
-.036 


.033 
-.044 


.013 
-.039 


.001 
-.030 






Allazona and apollaz D - Arezage differential (wing Ho. 8) 


&! 


36° 
38° 


16° 
16° 


90° 
90° 






.078 
.010 




.086 
-.006 






.066 
-.033 




.108 
-.023 




.078 
-.033 


.077 
-.024 


.050 
-.043 


.031 
-.034 


.011 
-.033 






Ailerons and spoiler D - Extreme differential (wing Ho. 3) 


&: 


60° 
80° 


7° 
7° 


90° 
90° 






.087 
.016 




.104 
.009 






.109 
-.009 




.111 
-.013 




.104 
-.016 


.103 
-.018 


.076 
-.037 


.055 
-.034 


.030 
-.035 








Allazona and apollaz 9 - Up-only (wing Ho. 3) 


8LJ 


60° 
60° 


0 
0 


90° 
90° 






.081 
.033 




.086 
.013 






.118 
.003 




.133 
-.003 




.118 
-.008 


.130 
-.009 


.095 
-.038 


.073 
-.038 


.044 

-.020 







TABU! XII 

TOROI TESTS. OLARE T WIIQ WITS AUXILIARY AIRFOIL (WIHO *0. 
AUXILIARY AIRTOIL HO TABLE FOR OOHTROL 
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Note: Hinge axis of spoilers A and C 
0.94%c below wing surface. 
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Figure 1. -Clark Y wing model with auxiliary airfoil, two 
sizes of ailerons and three types of spoilers. 
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Hid- semi span fixtures (3 used) 1/33" steel 




Intermediate fixture looking quadrant (4 used) 

L „. J Intermediate fixtures (5 on 10" fe's.) 1/32" steel 




Figure 3- Auxiliary airfoil mounting fixtures, (a) fixed auxiliary, (b) movable auxiliary. 
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Figure 3.- Lift, drag, and center of pressure characteristics of different wing models with 

fixed auxiliary airfoils. « 



